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(57) ABSTRACT

An aqueous dispersion comprising composite colloidal
particles having an average particle size of 0.05 to 1.0
micrometer each of which comprises a core made of a
copolymer comprising 99-1009% by weight of tetraflu-
oroethylene and 0 to 19, by weight of a fluorine-con-
taining olefin which is copolymerizable with tetrafluor-
oethylene and a shell made of a polymer having a glass
transition temperature of at least 50° C. which com-
prises

(a) 60 to 100% by mole of at least one a-substituted

acrylate of the formula:

CH>=CXCOOR/ (1)

wherein X 1s a methyl group, a fluorine atom or a
trifluoromethyl group, and Ryris a fluoroalkyl group
or a tluoro(alkoxyalkyl) group and

(b) 0 to 40% by mole of at least one monomer copoly-
merizable with said acrylate (I), from which compos-
ite fluorine-containing polymer particles having good
redispersibility in a liquid medium and improved
blending properties with other resins or elastomiers
are prepared and from which an organosol of the
composite fluorine-containing polymer particles is
formed. '

16 Claims, No Drawings
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AQUEOUS DISPERSION, COMPOSITE POWDER
AND ORGANOSOL OF FLUORINE-CONTAINING
POLYMER

This application is a divisional of copending applica-
tion Ser. No. 505,464, filed on Apr. 6, 1990 now U.S.
Pat. No. 5,030,667, the entire contents of which are
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an aqueous disper-
sion, composite powder and an organosol of a fluorine-
containing polymer.

2. Description of the Related Art

Organosol

An organosol of polytetrafluoroethylene (herein-
after referred to as “PTFE”) is known as a coating
material which provides a coating film having good
sliding and stain-proofing properties and corrosion re-
sistance, and prepared by adding an organic medium
having a boiling point higher than 100° C. to an aqueous
dispersion comprising colloidal particles of PTFE
which is prepared by emulsion polymerization and then
removing water from the mixture by heating (an azeo-
tropic method. see Japanese Patent Publication No.
18775/1974).

Since the PTFE colloidal particles prepared by the
emulsion polymerization are hardly redispersed once
they are agglomerated, a large amount of a surfactant 1s
added to the agueous dispersion to prevent agglomera-
tion. .

A low molecular weight PTFE which is relatively
less agglomerated is disclosed (cf. Japanese Patent Pub-
lication No. 31096/1972). To the same end, a copolymer
of tetrafluoroethylene (TFE) and hexafluoropropylene
(HFP) (this copolymer being referred to as “FEP”)
which is less agglomerated than PTFE is used (cf. U.S.
Pat. No. 2,937,156, GB Patent No. 1,094,349 and Japa-
nese Patent Publication No. 17548/1973).

To prepare the organosol of PTFE, Japanese Patent
Publication No. 17016/1974 discloses a phase transfer
method which comprises adding PTFE to a phase
transfer agent such as a water-soluble organic solvent or
an aqueous solution of an electrolyte and stirring the
mixture to transfer PTFE particles to a phase transfer
liquid such as an organic solvent which is insoluble or
hardly soluble in water. In this method, the FEP parti-
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cles should be mixed while preventing agglomeration of 50

the PTFE particles.

The coating film prepared from the aqueous disper-
sion containing a large amount of the surfactant tends to
suffer from blisters or discoloration. The coating film
prepared from the aqueous dispersion comprising FEP
has inferior wear resistance so that its sliding property 1s
greatly deteriorated during use.

In general, the colloidal particles of the high molecu-
lar weight PTFE having a molecular weight of, for
example, about 1,000,000 or larger are easily fibrillated
under small shear force, and fibrils are tangled together
to agglomerate. Therefore, it has been impossible to
form an organosol from the aqueous dispersion of col-
loidal particles of PTFE having a high molecular
weight by the phase transfer method or by redispersion
of the PTFE powder from the aqueous dispersion,

which powder is often referred to as fine powder, in the
organic solvent.
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The formation of organosol of PTFE particles may
be made easy through a decrease of the molecular
weight of PTFE to several thousand to several hundred
thousand by using a large amount of a chain transfer
agent during polymerization or by irradiation of the fine
powder. However, when PTFE is used for lubrication,
the low molecular PTFE is worn heavily.

Blending of PTFE with, thermoplastic or thermoset-
ting resins or elastomers

With utilizing good performances of PTFE such as
heat resistance, flame retardance, non-tackiness, low
friction, chemical resistance, low dielectric characteris-
tics and the like, PTFE is used to modify other thermo-
plastic or thermosetting resins or elastomers through
blending. Since PTFE has less compatibility with other
resins or elastomers, PTFE particles are not sufficiently
dispersed in a molded article of the blend. For a long
period of time, it has been desired to increase the blend-
ing ability of PTFE without deteriorating the good
performances of PTFE.

The low molecular weight PTFE which is a so-called
“wax” is most widely used for blending. The PTFE
wax can be blended with other polymers to some ex-
tent, while it has insufficient mechanical properties
because of the low molecular weight. The aqueous
dispersion or powder of high molecular weight PTFE
may be used for blending but has poor dispersibility n
other polymers so that dispersion in a submicron order
can hardly be expected.

To produce a milky molded article of the thermoplas-
tic or thermosetting resin or the elastomer, an inorganic
white pigment such as quartz fine powder, alumina
hydrate, aluminum hydroxide and calcium carbonate 1s
added and mixed in the base polymer. Since the inor-
ganic pigment is harder than the base polymer, 1t ap-
pears on the surface of molded article and deteriorates
the surface smoothness when the pigment and the poly-
mer are simply mixed. To keep the surface smoothness
of the molded article, a special technique 1s required.
When the amount of the inorganic pigment increases,
the molded article itself becomes harder resulting in
decrease of impact resistance.

Since PTFE powder is white and heat resistant, 1t 1s
preferred as an organic white pigment which is a substi-
tute for the inorganic white pigment. However, as de-
scribed before, its addition and mixing 1s difficult.

As composite PTFE colloidal particles, Japanese
Patent Kokai Publication No. 232109/1984 discloses
composite particles each comprising a core of PTFE
and a shell of a fluorine-containing elastomer, and Japa-
nese Patent Kokai Publication No. 109846/1987 dis-
closes composite particles each comprising a core of
PTFE and a shell of a copolymer of TFE and chlorotri-
fluoroethylene (CTFE).

When the shell is made of the fluorine-containing
elastomer, the composite particles have poor redispers-
ibility in an aqueous medium or an organic solvent or
poor ability to form the organosol. In particular, in the
blending with another polymer, the sliding property of
the molded article is deteriorated.

When the shell is made of the TFE/CTFE copoly-
mer, the particles do not have good two-layer struc-
tures, and the molded article made from the blend of
such composite particles and another polymer has poor
wear resistance. It is disadvantage to use a pressure
vessel for the polymerization of the core polymer from
the view point of economy and apparatus.
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Japanese Patent Publication No. 2099/1976 discloses
coating of fluororesin particles with a vinyl base resin
by seed polymerization of a hydrocarbon type viny]
monomer such as methyl methacrylate in an aqueous
dispersion of the fluororesin, whereby electrophoresis
of the particle 1s made easy so that smooth and good
electrocoatin,g is achieved. However, when the hydro-
carbon type vinyl monomer is polymerized in the aque-
ous dispersion containing colloidal particles of PTFE,
affinity between PTFE and the hydrocarbon type vinyl
monomer is poor, so that the PTFE particle surfaces are
not coated with the vinyl monomer and new particles
consisting of a polymer of the hydrocarbon type vinyl
monomer tend to be formed. In addition, since the poly-
mer of the hydrocarbon type vinyl monomer has a low
thermal decomposition starting temperature, it should
be removed from the electrocoated film before sintering
by dipping the coated film in a hydrophilic organic
solvent. Otherwise, the coated film tends to crack and
no continuous film is obtained. |

Japanese Patent Kokai Publication No. 284201/1988
discloses a process for preparing an organosol by poly-
merizing a fluoro(meth)acrylate in an aqueous disper-
sion comprising the fluoropolymer to modify the parti-
cle surfaces of the fluoropolymer with the fluoro(meth-
acrylate polymer. However, since the disclosed fluo-
ro(meth)acrylate polymer has a low glass transition
temperature and has poor solvent resistance, the parti-
cles tend to agglomerate and fuse together in the organ-
osol. Therefore, a.polyfunctional internal cross linking
agent should be copolymerized. When the aqueous
dispersion is coagulated to prepare powder, the dispers-
ibility of the powder is not good and the powder is
hardly dispersed in the submicron order. In addition,
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the fluoro(meth)acrylate polymer is usually from 200 to
250° C.,, when the coated film of this polymer is sin-
tered, it tends to crack.

SUMMARY OF THE INVENTION

One object of the present invention is to provide an
aqueous dispersion of composite colloidal particles
comprising PTFE, which dispersion is suitable for the
preparation of an organosol.

Another object of the present invention is to provide
a novel composite powder of the fluorine- contalnlng
polymer which can be used as a modifier for improving
flame retardance, non-tackiness, sliding property, wa-
ter- and oil-repellence electrical characteristics, soil
resistance and weather resistance of the thermoplastic
or thermosetting resins and the elastomers or as a white
pigment with good dispersibility.

A tfurther object of the present invention is to provide
a novel organosol of a fluorine-containing polymer
which is suitable to coat articles which are required to
have non-tackiness, sliding property, water- and oil-

repellence, soil resistance, corrosion resistance and

weather resistance. |

According to a first aspect of the present invention,
there is provided an aqueous dispersion comprising
composite colloidal particles having an average particle
size of 0.05 to 1.0 micrometer each of which comprises
a core made of a copolymer comprising 99-100% by
weight of tetrafluoroethylene and 0 to 1% by weight of
a fluorine-containing olefin which is copolymerizable
with tetrafluoroethylene and a shell made of a polymer
having a glass transition temperature of at least 50° C.
which comprises
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(a) 60 to 100% by mole of at least one a-substituted
acrylate of the formula:

CH,—CXCOOR/ (I)
wherein X 1s a methyl group, a fluorine atom or a triflu-
oromethyl group, and Rris a fluoroalkyl group or a
fluoro(alkoxyalkyl) group and

(b) 0 to 40% by mole of at least one monomer copoly-
merizable with said acrylate (I).

According to a second aspect of the present inven-
tion, there is provided a fluorine-containing powder
which is obtainable by coagulating and drying the aque-
ous dispersion of the present invention.

According to a third aspect of the present invention,
there 1s provided an organosol composition of a fluo-
rine-containing polymer which is obtainable from the
aqueous dispersion of the present invention by the phase
transfer method or the azeotropic method or obtainable
by dispersing the polymer powder of the present inven-
tion in an organic medium.

DETAILED DESCRIPTION OF THE
INVENTION

‘The aqueous dispersion of the colloidal fluorine-con-
taining polymer particles according to the present in-
vention may be prepared by the following process:

In an aqueous medium containing an anionic surfac-
tant which acts as an emulsifier and has substantially no
telogen activity, 99 to 100% by weight of TFE and 0 to
1% by weight of other copolymerizable fluoroolefin are
polymerized. Then, by so-called seed polymerization, is
polymerized a polymer having a glass transition temper-
ature of at least 50° C. comprising 60 to 100% by mole
of a-substituted acrylate (I) and O to 40 of the copoly-
merizable monomer.

The first polymerization step for preparing the core is
carried out according to an emulsion polymerization
procedure which is conventional in the TFE polymeri-
zation. For example, under the reaction conditions such
as the reaction pressure of from 6 to 40 kg/cm? and the
reaction temperature of from 10 to 120° C., TFE and
optionally the other copolymerizable olefin are poly-
merized In the presence of a polymerization initiator in
an aqueous medium containing a water-soluble fluorine-
containing dispersant.

Examples of the polymerization initiator are water-
soluble organic or inorganic peroxides (e.g. disuccinic
acid peroxide (DSAP) or persulfates) or their combina-
tion with a reducing agent.

Examples of the water-soluble fluorine-containing
dispersant are compounds of the formula:

CaF24+1C00Z

Oor

- C3F0[CF(CF3)CF201,CF(CF3)C00Z
wherein a is an integer of 6to 9, bis 1 or 2 and Z is NH4
or an alkali metal. Such dispersant is used in an amount
of 0.03 to 1% by weight based on the weight of the
aqueous medium.
“A specific example of the other fluorine-containing
olefin is a compound of the formula:

A(CF,) 0/ CF—=CF,
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wherein A 1s a hydrogen atom, a chlorine atom or a
fluorine atom, cis anintegerof 1to6anddisOor I; a
compound of the formula:

C3F70[CF(CF3)CF20] ,—CF=CF> 5

wherein p is an integer of 1 to 4; a compound of the
formula:

A(CFy).CA'=—=CHa> 10
wherein A 1s the same as defined above, A’ i1s a hydro-
gen atom or a fluorine atom and e 1s an integer of 1 to 6;
CTFE; VdF and trifluoroethylene (TrFE).

The PTFE prepared in this step preferably has a
molecular weight of at least 1,000,000. When the moilec-
ular weight is smaller, the wear resistance of the coating
film tends to decrease. The molecular weight can be
controlled by adjusting the amount of the polymenza-
tion initiator. The waxy low molecular weight PTFE
has a molecular weight of several thousand to several
hundred thousand. In some special cases, the molecular
weight of PTFE may be decreased by the addition of
hydrocarbons or halogenated hydrocarbons (e.g. meth-
ane, chloromethane, 1,1-dichloroethylene, etc.) as chain
transfer agents.

When TFE and optionally the other copolymerizable
olefin are polymerized in the first polymerization step,
the finally prepared composite particles have a compar-
atively small particle size so that the dispersibility dur-
ing polymerization 1s improved.

In the first polymerization step, as the dispersion
stabilizer for the colloidal particles, 2 hydrocarbon or
halogenated hydrocarbon which is liquid at the poly-
merization temperature, insoluble in water and inactive
to the polymerization reaction can be added to the reac-
tion system. :

Examples of the Ry group contained in the a-sub-
stituted acrylate (I) to be used in the second polymeriza-
tion step are —(CH3),CF2,E in whichqis 1 or 2, risan
integer of 1 to 8 and E is a hydrogen atom or a fluorine
atom, —CH->;CF,CFHCF3, —CH,>,CH(CF3),,
—CH>CF(CF3)3, —C(CH3);—CF,CF2H,
—CH(CH3)CF3;, —CH;CF(CF3)OC3F7, —CG(CF3);
in which G is a hydrogen atom, a fluorine atom or a
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trifluoromethyl group, 43
T
—'(Cﬁz)s(l:L
CF; 50

in which L is a methyl group, a trifluoromethyl group
or a fluorine atom and s is 1 or 2, etc. As the Rrgroup,

33
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CF;3

in which L is the same as defined above is preferred.

Among the Rrgroups, those having 10 or less carbon
atoms are preferred.

When the composite powder is prepared by coagulat- ¢s
ing the copolymer particles at room temperature, the
shell forming resin as such, has a glass transition temper-
ature of at least S0° C. When the organosol is prepared,

6

the shell forming resin preferably has a glass transition
temperature of at least 50° C. to improve the solvent
resistance and dispersion stability. In the case of the
organosol, more preferably, the shell forming resin is
the polymer of a-fluoroacrylate.

In general, the shell forming resin is a polymer com-
prising at least one a-substituted acrylate (a). The shell
forming resin does not necessarily comprise the other
copolymerizable monomer. To improve the solvent
resistance and dispersion stability of the particles in the
organosol, the polyfunctional internal cross linking
monomer may be copolymerized.

The type of polyfunctional internal cross linking
monomer is not critical. Preferably, poly(meth)acry-
lates of aliphatic polyhydric alcohols are used. Specific
examples of such poly(meth)acrylate are ethylene gly-
col di(meth)acrylate, diethylene glycol di(meth)acry-
late, triethylene glycol di(meth)acrylate, dipropylene
glycol di(meth)acrylate, 1,3-butylene glycol di(meth)a-
crylate, trimethylolpropane tri(meth)acrylate, tetrame-
thylolmethane tetra(meth)acrylate, and the like. Also,
divinylbenzene, N,N'-methylenebisacrylamide and the
like may be used as the polyfunctional internal cross
linking agents.

The aqueous dispersion of the colloidal fluorine-con-
taining polymer particles according to the present in-
vention 1s prepared by polymerizing the above de-
scribed monomer(s) in an aqueous medium in the pres-
ence of a water-soluble radical polymerization initiator
in the so-called seed polymerization method using the
polymer particles prepared in the above first step as the
cores.

Specific examples of the polymerization imitiator are
persulfates (e.g. potassium persulfate, sodium persulfate,
ammonium persulfate, etc.), and redox polymerization
systems comprising such peroxide and thiosulfates (e.g.
sodium thiosulfate, potassium thiosulfate, sodium hy-
drogen thiosulfate, etc.) or sulfites (e.g. sodium thiosul-
fate, potassium thiosulfate, sodium hydrogen thiosul-
fate, etc.).

The polymerization temperature in the second step 1s
selected from the range of 0 to 100° C. according to the
decomposition temperature of the polymerization initia-
tor. Usually, the polymerization temperature 1s from 10
to 80° C.

During the polymerization, the emulsifier used in the
first step is preferably added to stabilize the polymeriza-
tion system and to reduce the amount of the agglomer-
ated polymer, although the emulsifier may not be fur-
ther added. The further added emulsifier 1s not neces-
sarily the same as that used in the first step and may be
any of the conventionally used hydrocarbon type non-
ionic or ionic surfactants. |

The prepared colloidal particles of the fluorine-con-
taining polymer is deemed to have a core-shell two
layer structure. The weight ratio of the core to the shell
is from 97:3 to 30:70, preferably from 85:15 to 40:60.

When the particles are used as a white pigment, it is
possible to reduce the weight ratio of the core. To redis-
perse the particles in the aqueous medium or the organic
medium or to prepare the organosol, the weight of the
shell should be at least 4% by weight based on the
weight of the particle.

When the weight of the core 1s too small, the coating
film prepared from the organosol has deteriorated wear
resistance and sliding property, or the particles cannot
impart good sliding property to the thermoplastic or
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thermosetting resins or the elastomers in which the
particles are blended.

The above weight ratio of the core to the shell is
based on the assumption that the core and the shell have
a clear boundary between them. The core and the shell
do not necessarily have a clear boundary.

The composite colloidal particles of the fluorine-con-
taining polymer according to the present invention has
an average particle size of 0.05 to 1 um, preferably 0.1
to 0.5 um. The particle size of the colloidal particles can
be controlled by the conventional methods employed in
the emulsion polymerization of TFE. The average par-
ticle size of the colloidal particles greatly influences the
aqueous or organic dispersion composition.

The solid content of the finally produced aqueous
dispersion of the fluorine-containing polymer according
to the present invention is usually from 10 to 50% by
weight, preferably from 20 to 40% by weight based on
the weight of the aqueous medium.

The organosol composition of the present invention
can be prepared from the agqueous dispersion of the
fluorine-containing polymer according to the present
invention by the following procedures.

Preparation of organosol composition by the phase
transfer method

(1) Per 100 parts by weight of the fluorine-containing
polymer in the aqueous dispersion, 50.to 500 parts by
weight, preferably 100 to 200 parts by weight of an
organic compound which is insoluble or hardly soluble
in water and in the liquid state around room tempera-
ture (a phase transfer liquid) is added to the aqueous
dispersion, and the mixture is gently stirred.

(2) To the mixture, an aqueous solution of an electro-
lyte or an organic compound which can be dissolved in
water 1n any ratio (a phase transfer agent) is added in an
amount of 50 to 2000 parts by weight, preferably 250 to
1000 parts by weight per 100 parts by weight of the
fluorine-containing polymer. The mixture is gently
stirred and then kept standing

(3) Since the fluorine-containing polymer is precipi-
tated together with the phase transfer liquid, the upper
layer comprising water is removed. To the precipitated
layer comprising the fluorine-containing polymer and a
small amount of water, an organic medium is added.

(4) The mixture obtained in the previous step (3) is
heated around 100° C. while stirring to evaporate water
off to decrease the water content to less than the stan-

- dard value, which is 5000 ppm or less in the below

described

Preparation Examples.

(5) If desired, a film forming material which will be
explained 1s added.

Specific examples of the phase transfer liquid are
hexane, heptane, octane, benzene, toluene, methyl iso-
butyl ketone and the like.

Specific examples of the electrolyte in the phase
transfer agent are salts of alkali metals or alkaline earth
metals such as sodium sulfate, magnesium chloride,
sodium nitrate, potassium acetate and the like. The elec-
trolyte 1s used in the form of an aqueous solution having
a concentration of 0.01 to 50% by weight, preferably
0.1 to 10% by weight.

Specific examples of the organic compound as the
phase transfer agent are organic liquids which are lig-
uids at room temperature and have boiling points not

higher than 200° C. such as acetone, methanol and the
like.
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The organic medium used in the step (3) means an
organic liquid which is insoluble or hardly soluble in
water and evaporates azeotropically with water. Exam-
ples of such organic liquid are aromatic hydrocarbons
(e.g. benzene, toluene and xylene) and ketones (e.g.
methyl isobutyl ketone and diisobutyl ketone). Among
them, toluene and methyl isobutyl ketone are preferred
from the economical view point.

In addition to the above method, the organosol can be
prepared by any of the conventional methods, for exam-
ple, an azeotropic method which comprises dropwise
adding an organic solvent which 1is azeotropically
boiled with water to the aqueous dispersion of the fluo-
rine-containing polymer which has been polymerized
and removing water in the form of an azeotropic mix-
ture with the organic solvent, or a filtration method
which comprises filtering the aqueous dispersion of the
fluorine-containing polymer which has been polymer-
1zed to which an organic solvent may be added and then
redispersing a filter cake in the organic liquid.

Preparation of organosol composition from powder
of fluorine-containing polymer

According to the method disclosed in U.S. Pat. No.
2,593,583, the organosol composition of the present
invention can be prepared by coagulating the fluorine-
containing polymer from the aqueous dispersion of the
present invention with a coagulating agent by a conven-
tional method, drying the coagulated fluorine-contain-
ing polymer at a temperature lower than the melting
point of the polymer which forms the shell and dispers-
ing the dried powder in the organic solvent by mechani-
cal stirring or with the application of ultrasonic wave.

Specific examples of the coagulating agent are con-
ventionally used inorganic acids or bases, water-soluble
inorganic salts, organic solvents and the like.

Insofar as the organic solvent can wet the surfaces of
the fluorine-containing polymer particles, the organosol
can be formed.

To the organosol composition of the present inven-
tion, a film forming agent comprising the thermoplastic
or thermosetting polymer is preferably added to in-
crease the strength of the coating film prepared from
the organosol composition.

Specific examples of the film forming agent are nitro-
cellulose, cellulose acetate butyrate, alkyd polymers,
polyesters, polyurethanes, phenol/formaldehyde poly-
mers, urea/formaldehyde polymers, melamine/for-
maldehyde polymers, epoxy polymers, polyimides,
polyamides, polyamideimides, polyethersulfones,
polyphenylenesulfides, silicone polymers, etc. Also, a
combination of a carboxylic dianhydride and a dianiline
from which the polyimide is obtained can be used. Ex-
amples of the acid dianhydride are pyromellitic dianhy-
dride, benzophenonetetracarboxylic dianhydride, etc,
and examples of the dianiline are oxydianiline, methyl-

- enedianiline, etc. Among them, polyimides, polyamides

65

and polyamideimides are preferred because of good
strength of the coating film.

The weight ratio of the composite fluorine-contain-
ing polymer particles of the present invention to the
organi¢ medium in the organosol composition is usually
from 5:95 to 50:50, preferably from 20:80 to 40.60.

When the film forming material is used, the weight
ratio of the composited fluorine-containing polymer

particles to the film forming material is usually from
5:95 to 90:10, preferably from 30:70 to 70:30.
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The organosol composition as such or its mixture
with the film forming material can be used as a non-
aqueous coating.

The aqueous dispersion of the present invention as
such, a concentrated liquid prepared from a mixture of
the aqueous dispersion and a stabilizer such as a non-
ionic surfactant or the aqueous dispersion to which an
organic or inorganic filler or an aqueous dispersion of
other fluorine-containing polymer is added can be used
as a water-base coating.

The non-aqueous coating or the water-base coating
can be applied to various materials. For example, 1t can
be impregnated in organic Or inorganic woven Or non-
woven fabrics or coated on metals such as aluminum or
iron, or ceramics by spray coating, brush coating or dip
coating. The materials to be coated include various
industrial or domestic articles such as cooking utensils,
boilers, molds, tent materials, rollers, pistons and bear-
Ings.

In case of the spray coating, since the agueous disper-
sion of the present invention has excellent dispersion

stability, a nozzle is hardly clogged and workability 1s
increased.

Since the organosol composition of the present inven-

tion contains the composite fluorine-containing poly-
mer colloidal particles, the sliding properties of the
coated materials are considerably improved. When the
surface of coating film is abrased, the sliding properties
are further improved, since the PTFE in the cores ap-
pears on the surface of the coating film and its inherent
low friction characteristics can be used on the surface.
Such the effect can be achieved by the composite colloi-
dal particles having the core-shell structure but cannot
be achieved with a simple colloidal particles consisting
of the same polymer as the core polymer of the present
invention.

Japanese Patent Kokai Publication No. 109846/1987
discloses composite particles consisting of the core
made of PTFE and the shell made of the TFE/CTFE
copolymer. But, the core-shell two-layer structure is
not sufficiently formed, so that the wear resistance of
the coating film is inferior to the present invention. In
addition, the invention of the above Japanese Patent
Kokai Publication required a pressure vessel and 1s
disadvantageous from the view point of economy and
apparatus. For the same reason, the coating film from an
organosol composition comprising a FEP base polymer
has inferior wear resistance to the present invention.

Since the shell forming polymer of the present inven-
tion has the relatively high glass transition temperature
and good solvent resistance, when it is formulated as the
organosol, the polymer particles are less agglomerated
or fused together and are stable in the dispersion with-
out the copolymerization of the polyfunctional internal
cross linking agent. When the aqueous dispersion 18
coagulated to form the powder, the powder has good
dispersibility and can be dispersed in the submicron
order. When the shell forming polymer is the a-fluoroa-
crylate polymer having the high thermal decomposition
starting temperature, the polymer coating can be con-
tinuous even when the coating is sintered at a tempera-
ture of 200° C. or higher.

Besides the organosol component, the fluorine-con-
taining polymer powder of the present invention can be
used as a white pigment or a modifier which improves
flame-retardance, non-tackiness, sliding properties, wa-
ter- and oil-repellence, electrical characteristics, soil
resistance, corrosion resistance and weather resistance
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of the thermoplastic or thermosetting resins or the elas-
tomers.

The fluorine-containing polymer powder of the pres-
ent invention can be blended as the white pigment 1n
homo- or co-polymers of methacrylates, acrylates or
styrene which are colorless and transparent. Alterna-
tively, the fluorine-containing polymer powder can be
added as the modifier for engineering plastics such as
polyacetal, polycarbonate, polyetheretherketone,
whole aromatic polyester, polyethylene terephthalate,
polyphenylene sulfide, polyamide, polyphenylene ox-
ide, polybutylene terephthalate, polysulfone, polyether-
sulfone, polyimide and the like. The fluorine-containing
polymer particles of the present invention has better
blending properties than the conventional PTFE parti-
cles.

In addition, the fluorine-containing polymer powder
of the present invention may be used as a standard sam-
ple for various tests, an ink, a cosmetic pigment, a coat-
ing additive, a toner for electrostatic development, a
spacer material for protecting microcapsules, a binder
for ceramic molding, a column filler for ion chromatog-
raphy, a powder for powder coating, and the like.

PREFERRED EMBODIMENTS OF THE
INVENTION

The present invention will be illustrated in detail by
following Examples, in which “parts” are by weight
unless otherwise indicated.

EXAMPLE 1

Preparation of aqueous dispersion

In a stainless steel made 6 liter autoclave equipped
with an anchor agitator, baffle plates and a thermome-
ter, deoxygenated deionized water (3 1), a solid paraffin
(120 g) and ammonium perfluorooctanoate (3.00 g)
were charged and heated to 70° C. The interior gas of
the autoclave was purged with nitrogen three times and
then with TFE twice.

In the autoclave, TFE was injected to raise the inter-
nal pressure to 10 kgf/cm?. To the mixture, a solution of
ammonium persulfate (APS) (63 mg) in water (20 ml)
was added while stirring to start polymerization. Dur-
ing polymerization, the reaction mixture was stirred at
250 rpm and kept at 70° C. while continuously supply-
ing TFE in the autoclave so as to keep the internal
pressure at 10 kgf/cm2. As soon as 1,050 g of TFE was
consumed (after about 5.6 hours), the polymerization
was terminated.

The colloidal particles of the polymer in the obtained
aqueous dispersion was analyzed with a laser beam
scattering particle size analyzer system (LPA-3000
manufactured by Otsuka Electronics) to find that the
number average particle size was 0.28 um. The solid
content in the aqueous dispersion was 26.8% by weight.

The obtained aqueous dispersion [1](448 g) was
charged in a four-necked one liter flask equipped with a
stirrer and a reflux condenser. To the dispersion, ion-
exchanged water (37 g) was added and the mixture was
heated to 60° C. in the nitrogen atmosphere. After add-
ing CH,—CF-—COOCH;CF(CF3)OC3F7 (hereinafter
referred to as “11FFA”) (24.0 g) to the mixture while
stirring at 200 rpm, an aqueous solution of APS (24 mg)
(10 ml) and the an aqueous solution of sodium hydro-
gensulfite (8 mg) (10 ml) were added to start polymeri-
zation. After about 1.6 hours, the refluxing ceased and
the stirring was stopped. Then, the cooled aqueous
dispersion was recovered. The concentration of the
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aqueous dispersion was 21.9% by weight, the number
average particle size measured by the laser beam scat-
tering particle size analyzer system was 0.30 pm, and
the particle size distribution was monodisperse.

With the sohd obtained by evaporation to dryness of
the aqueous dispersion was subjected to the thermo-
gravimetric analysis by using an apparatus for simulta-
neously carrying out differential calorimetry and ther-
mogravimetry (Type DTG-30 manufactured by Shi-
madzu) at a heating rate of 10° C./min. Thermal decom-
position starting temperatures were observed at about
295" C. which might be attributed to the 11FFA poly-
mer forming the shell and at about 473° C. which might
be attributed to PTFE forming the core, and the weight
ratio of the former to the latter was about 16:84 which
ratio substantially corresponds to the weight ratio cal-
culated from the consumed amounts of the monomers.

Redispersibility of polymer powder

The powder recovered by the evaporation to dryness
of the aqueous dispersion was dispersed in each of tolu-
ene, methyl isobutyl ketone, ethanol, trichlorotrifluoro-
ethane and a 5% aqueous solution of a commercially
available non-ionic surfactant (Triton X-100) while
applying ultrasonic wave. The powder particles were
easily redispersed.

Preparation of organosol by the phase transfer
method

To the obtained aqueous dispersion (each 385 parts),
n-hexane (125 parts) as the phase transfer liquid was
added. To the mixture, acetone (275 parts) as the phase
transfer agent was added while stirring. After stirring
for further 5 minutes, the mixture was kept standing,
and the supernatant was discarded. To the residual
precipitate, methyl isobutyl ketone (300 parts) was
added and heated to about 100° C. while stirring to
remove water contained in the precipitate. Thereby, the
organosol having the solid content of 30% by weight
(333 parts) was obtained. The organosol contained
about 0.2% by weight of water measured by the Karl
Fischer’s method.

A latex which was prepared by emulsion polymeriz-
ing 11FFA alone was evaporated to dryness at room
temperature (25° C.) to obtain fine powder of the poly-
mer, which had the glass transition temperature of
72-85" C. measured with a differential scanning calo-
rimeter (1090 Type manufactured by DuPont) at a heat-
ing rate of 20° C./min. The thermal decomposition
starting temperature was 295° C.

EXAMPLE 2

Preparation of aqueous dispersion

The polymerization was carried out in the same man-
ner as in Example 1 except that an aqueous dispersion of
PTFE containing about 6% by weight of a nonionic
surfactant based on the resin solid content (manufac-
tured by Daikin Industries, Ltd. Solid content, 60% by
weight) in place of the aqueous dispersion (1), an aque-
ous dispersion of composite polymer particles was pre-
pared.

The number average particle size of the copolymer 60

particles in the aqueous dispersion measured by the
laser beam scattering particle size analyzer system was
0.21 pm, and the particle size distribution was monodis-
perse. The solid content in the aqueous dispersion was
25.5% by weight.

The powder could be redispersed and the organosol
was prepared by the phase transfer method in the same
manner as in Example 1 without problems.
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COMPARATIVE EXAMPLE 1|

In the same manner as in Example 1 but, in the second
polymerization step, using a monomer mixture of
methyl methacrylate (MMA) (28.5 g) and triethyleneg-
lycol dimethacrylate (3DMA) (1.5 g) in place of IFAA
and additionally using ammonium perfluorooctanoate
(2.40 g) as the emulsifier, the reaction was carried out
for about 4 hours to obtain an aqueous dispersion.

The number average particle size of the copolymer
particles in the aqueous dispersion measured by the
iaser beam scattering particle size analyzer system was
0.28 um, and the particle size distribution was monodis-
perse. The solid content in the aqueous dispersion was
28.19 by weight.

The solid obtained by evaporation to dryness of the
aqueous dispersion was subjected to the thermogravi-
metric analysis. Thermal decomposition starting tem-
peratures were observed at about 180° C. which might
be attributed to the MMA /3DMA copolymer forming
the shell and at about 475° C. which might be attributed
to PTFE forming the core, and the weight ratio of the
former to the latter was about 17:83 which ratio sub-
stantially corresponds to the weight ratio calculated
from the consumed amounts of the monomers.

The powder could be redispersed and the organosol
was prepared by the phase transfer method in the same
manner as in Example 1 without problems.

COMPARATIVE EXAMPLE 2

In the same manner as in Example 2 but, in the second
polymerization step, using a monomer mixture of
methyl methacrylate (MMA) (28.5 g) and triethyleneg-
lycol dimethacrylate (3DMA) (1.5 g) in place of IFA A,
the reaction was carried out for about one hour to ob-
tain an aqueous dispersion.

The number average particle size of the copolymer
particles in the agqueous medium measured by the laser
beam scattering particle size analyzer system was 0.21
pm, but the particle size distribution was bimodal and
formation of new particles was observed in the electron
microscopic photograph.

The solid content in the aqueous dispersion was
25.6% by weight.

The redispersibility of the powder obtained by evap-
oration to dryness of the aqueous dispersion was insuffi-
cient. In the preparation of an organosol, the polymer
particles were agglomerated in the concentration step
for azeotropically removing methyl isobutyl ketone and
water by heating. Therefore, no organosol of solid con-
tent of 30% by weight was obtained.

COMPARATIVE EXAMPLE 3

In the same manner as in Example 1 but using, as a
monomer, CH,=—C(CH;3)COOCH,CF(CF3)OC;F5
(11FMA) in place of 11FAA and additionally using
ammonium perfluorooctanoate (2.40 g) as the emulsi-
fier, the reaction was carried out for about 4.5 hours to
obtain an aqueous dispersion.

The number average particle size of the copolymer
particles in the aqueous medium measured by the laser
beam scattering particle size analyzer system was 0.30
pum, and the particle size distribution was monodisperse.
The solid content in the aqueous dispersion was 27.1%

65 by weight as in Example 1 without problems.

The solid obtained by evaporation to dryness of the
aqueous dispersion was subjected to the thermogravi-
metric analysis. Thermal decomposition starting tem-
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peratures were observed at about 233° C. which might
be attributed to the 11FMA polymer forming the shell
and at about 475° C. which might be attributed to PTFE
forming the core, and the weight ratio of the former to
the latter was about 17:83 which ratio substantially
corresponds to the weight ratio calculated from the
consumed amounts of the monomers.

The redispersibility of the powder obtained by coag-
ulating the dispersion and drying was insufficient. In the
preparation of an organosol, the polymer particles were
agglomerated in the concentration step for azeotropi-
cally removing methyl isobutyl ketone and water by
heating. Therefore, no organosol of solid content of
30% by weight was obtained. |

A latex prepared by emulsion polymerizing 11FMA
alone was evaporated to dryness at room temperature
(25° C.). But, the polymer formed a film and no polymer
powder was obtained. The homopolymer of 11FMA
had the glass transition temperature of 25-38" C. and

the thermal decomposition starting temperature of 233°
C.

COMPARATIVE EXAMPLE 4

In the same manner as described in Preparation Ex-
ample 1 of Japanese Patent Publication No. 63584/1988
(corresponding to U.S. Pat. No. 4,780,490), an aqueous
dispersion having the solid content of 26.1% by weight
was obtained. The produced polymer particles con-
sisted of the core made of HFP-modified PTFE and the
shell made of the CTFE/TFE copolymer. The content
of CTFE in the whole particles was 4.0% by weight,
and the content of CTFE in the shell parts was 8.8% by
weight. From these contents, the weight ratio of the
shell to the core was 45:55. The particles had the aver-
age particle size of 0.21 um.

The powder could be redispersed in the same manner
as in Example 1 although it took more time than in
Example 1. The organosol could be prepared by the
phase transfer method as in Example 1.

COMPARATIVE EXAMPLE 5

From the aqueous dispersion (1) obtained in the first
polymerization step of Example 1, the powder was
prepared by coagulation and drying. The obtained pow-

der could not be redispersed. In the phase transfer

method, all the polymer particles were coagulated and
no organosol was obtained.

COMPARATIVE EXAMPLE 6

In a 300 ml reactor equipped with a stirrer, a refiux
condenser and a dropping funnel, an aqueous dispersion
of PTFE (particle size: 0.1 to 0.30 um, polymer content:
60% by weight) (200 g) and APS (1.0 g) were charged.
To the mixture, CF3(CF3)3(CH3),OCOCH—=—CH; (3.6
g) was dropwise added from the dropping funnel over
about 5 minutes while stirring followed by stirring at
room temperature for 5 minutes. Thereafter, the reac-
tion mixture was stirred at 60° C. for 8 hours.

From the obtained aqueous dispersion, the powder
was prepared by coagulation and drying. The obtained
powder could be hardly redispersed in water or the
organic solvent. In the phase transfer method, all the
polymer particles were agglomerated and no organosol
was obtained.

COMPARATIVE EXAMPLE 7

In the same manner as in Comparative Example 6 but
using CH,=—=CHCOOCH;C-F 5 (hereinafter referred to
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as “15FA”) in place of
CF3(CF7)3(CH,2),OCOCH=—CH,;, the reaction was
carried out to obtain an aqueous dispersion.

From the obtained aqueous dispersion, the powder
was prepared by coagulation and drying. The obtained
powder could not be redispersed in water or the organic
solvent. In the phase transfer method, all the polymer
particles were coagulated and no organosol was ob-
tained.

A latex prepared by emulsion polymerizing 15FA
alone was evaporated to dryness at room temperature
(25° C.). But, the polymer formed a film and no polymer
powder was obtained. The homopolymer of 15FA had
the glass transition temperature of —17° C.

EXPERIMENT 1

To the organosol composition prepared by the phase
transfer method in Example 1 (333 parts), polyamidei-
mide (HI-610 manufactured by Hitachi Chemical Co.,
Ltd.) (370 parts), carbon (Carbon Neospectra Mark IV
manufactured by Columbia Carbon Co., Ltd.) (6 parts)
and N-methyl-2-pyrrolidone (272 parts) were added and
mixed in a ball mill at 80 rpm at 20° C. for 48 hours.

The mixture was filtered through a 150 mesh net. The
viscosity of the filtrate was 27 seconds measured by the
Ford Cup No. 4.

The mixture was spray coated on a surface of a de-
greased aluminum plate with a spray gun having a noz-
zle diameter of 0.8 mm under pressure of 3 kg/cm?.
Then, the coated aluminum plate was dried in an IR
heater kept at 80° C. for 30 minutes and baked in an
electric furnace kept at 200° C. for 30 minutes to pre-
pare a sample plate coated with the test coating film.

With the prepared coating film, the film thickness and
Taber abrasion loss were measured. Before and after the
Taber abrasion test, the sliding property (coefficient of
friction) was measured.

The film thickness was measured with a high fre-
quency thickness meter (Type ES 8¢ 3KB4 manufac-
tured by Kett Science Laboratory).

With a Taber type abrasion tester (abrasion disc: CS

No. 17, load: 1 kg, 1,000 rpm), an abrased amount (mg)
after 1,000 revolutions was measured.

The coefficient of friction was measured with a Baud-
en-Leben type friction coefficient meter (8 mm steel
ball, load: 1 kg, rate: 0.23 cm/sec.).

- The results are shown in Table.

COMPARATIVE EXPERIMENTS 1 AND 2

In the same manner as in Experiment 1 but using each
of the organosols prepared in Comparative Examples 1
and 4, the same experiments were done.

The coating film formed from a paint obtained from
the organosol of Comparative Example 1 was cracked
and had very rough surface. Therefore, the film thick-
ness, Taber abrasion loss and a coefficient of friction
could not be measured.

The results are shown in Table.

TABLE
Film Taber Coefhficient of friction
Experiment thickness abrasion (before abrasion/
No. (um) loss (mg) after abrasion)
1 40-50 4?2 0.04/0.05
Comp. 4 7.0 0.07/0.06

40-50

What 1s claiméd IS:
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1. A fluorine-containing powder contained by coagu-
lating and drying an aqueous dispersion comprising
composite colloidal particles having an average particle
size of 0.05 to 1.0 micrometer each of which comprises
a core made of a copolymer comprising 99-1009% by 5
weight of ttetrafluoroethylene and 0 to 19% by weight of
a fluorine-containing olefin which is copolymerizable
with tetrafluoroethylene and a shell made of a polymer
having a glass transition temperature of at least 50° C.
which comprises 10

(a) 60 to 100% by mole of at least one a-substituted

acrylate of the formula:

[CH;==CXOOR;] CH;=CXCOOR/ ) y
wherein
X 15 a fluorine atom, and Rris a fluoroalkyl group
or a fluoro(alkoxyalkyl) group and
(b) 0 to 40% by mole of at least one monomer copoly-
merizable with said acrylate (I).

2. The fluorine-containing powder according to
claim 1, wherein the weight ratio of the core to the shell
of the colloidal particles is from 97:3 to 30:70.

3. The fluorine-containing powder according to
claim 1, wherein the a-substituted acrylate (I) is an
a-fluoroacrylate.

4. The fluorine-containing powder according to
claim 1, wherein the fluorine-containing olefin which is
copolymerizable with tetrafluoroethylene is at least one 30
member selected from the group consisting of a ¢om-
pound of the formula:

20

25

A(CF2)/OCF=CF;

: : : 35
wherein A 1s a hydrogen atom, a chlorine atom or a
fluorine atom, C is an integer of 1to6and disOor 1; a
compound of the formula:

C3F70[{CF(CF3)CF,0} »—CF=CF>

wherein p is an integer of 1 to 4; a compound of the
formula:

A(CFj),CA’=CH; 45
wherein A is the same as defined above, A’ is a hydro-
gen atom or a fluorine atom and e is an integer of 1 to 6;
chlorotrifluoroethylene; vinylidene fluoride and tri-
fluoroethylene.

S. An organosol composition comprising composite
fluorine-containing polymer colloidal particles having
an average particle size of 0.05 to 1.0 micrometer each
of which comprises a core made of a copolymer com-
prising 99-100% by weight of tetrafluoroethylene and 0
to 1% by weight of a fluorine-containing olefin which is
copolymerizable with tetrafluoroethylene and a shell
made of a polymer having a glass transition temperature
of at least 50° C. which comprises

(a) 60 to 100% by mole of at least one a-substituted 60

acrylate of the formula:

50

55

CH;=CXCOOR/ 1)

wherein X 1s a fluorine atom, and R/is a fluoroalkyl
group or a fluoro(alkoxyalkyl) group and

(b) 0 to 40% by mole of at least one monomer copoly-
merizable with said acrylate (1).

65
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6. The organosol composition according to claim §,
wherein the weight ratio of the core of the shell of the
colloidal particles is from 97:3 to 30:70.

7. The organosol composition according to claim 5,
wherein the a-substituted acrylate (I) is an a-fluoroa-
crylate.

8. The organosol composition according to claim 5,
wherein the fluorine-containing olefin which is copoly-
merizable with tetrafluoroethylene is at least one mem-
ber selected from the group consisting of a compound
of the formula:

A(CF2)OLF=CF;

wherein A 1s a hydrogen atom, a chlorine atom or a
fluorine atom, c is an integerof 1to 6and disQor 1; a
compound of the formula:

C3F70[CF(CF3)CF20],—CF—=CF;

wherein p i1s an integer of 1 to 4; a compoﬁnd of the

formula:

A(CF,),CA'=—CH>

wherein A i1s the same as defined above, A’ is a hydro-
gen atom or a fluorine atom and e is an integer of 1 to 6;
chlorotrifluoroethylene; vinylidene fluoride and tri-
fluoroethylene.

9. The organosol composition according to claim 5,
which is obtainable from an aqueous dispersion com-
prising composite colloidal particles having an average
particle size of 0.05 to 1.0 micrometer each of which
comprises a core made of a copolymer comprising
99-100% by weight of tetrafluoroethylene and 0 to 1%
by weight of a fluorine-containing olefin which is co-
polymerizable with tetrafluoroethylene and a shell
made of a polymer having a glass transition temperature
of at least 50° C. which comprises

(a) 60 to 100% by mole of at least one a-substituted

acrylate of the formula:

CH;=CXCOOR ()

wherein X 1s a fluorine atom, and Rris a fluoroalkyl
group or a fluoro(alkoxyalkyl) group and

(b) O to 40% by mole of at least one monomer copoly-

merizable with said acrylate (I), by the phase trans-
fer method or the azeotropic method or obtainable
by dispersing the polymer powder according to
claim 9 in an organic medium.

10. The organosol composition according to claim 9,
wherein the weight ratio of the core to the shell of the
colloidal particles is from 97:3 to 30:70.

11. The organosol composition according to claim 9,
wherein the a-substituted acrylate (I) is an a-fluoroa-
crylate.

12. The organosol composition according to claim 9,
wherein the fluorine-containing olefin which is copoly-
merizable with tetrafluoroethylene is at least one mem-

ber selected from the group consisting of a compound
of the formula:

A(CFy)OLCF—CF>

wherein A is a hydrogen atom, a chlorine atom or a
fluorine atom, c is an integer of 1 to6and disOor 1; a
compound of the formula:
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C3F+O[CF(CF3)CF,0] p—CF=CF;

wherein p is an integer of 1 to 4; a compound of the
formula:

A(CF3),CA'=CH,

wherein A 1s the same as defined above, A’ is a hydro-
gen atom or a fluorine atom and e is an integer of 1 to 4;
chlorotrifluoroethylene; vinylidene fluoride and tri-
fluoroethylene.

13. The organosol composition according to claim §,
which further comprises at least one film forming mate-
rial selected from the group consisting of polyethersul-

10

18
fone, polyphenylene sulfide, polyimide, polyamide and

polyamideimide.

14. The organosol composition according to claim 6,
which further comprises at least one film forming mate-
rial selected from the group consisting of polyethersul-
fone, polyphenylene sulfide, polyimide, polyamide and
polyamideimide.

15. The organosol composition according to claim 7,
which further comprises at least one film forming mate-
rial selected from the group consisting of polyethersul-
fone, polyphenylene sulfide, polyimide, polyamide and
polyamideimide.

16. The organosol composition according to claim 8,

- which further comprises at least one film forming mate-
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rial selected from the group consisting of polyethersul-
fone, polyphenylene sulfide, polyimide, polyamide and

polyamideimide.
x % *x ¥
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